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By Kenneth P. Spremann, W i l l i a m  D. Morrison, Jr . , 

and Thmae B. Pasteur, Jr . 

AB p& of a t r m d c  research propam, a eeries of wfngs are bein@; 
investigated ln the Langley higbepeed 7-3y I W o o t  tLlTlnel over a Mach 
Iuzmber range of ELpProxLmatelg 0.60 t o  1.18 by we of the transonic-bump 
test technique. 

This paper .presents the rem3.t~ of the Investigatian of a 
a l a e  and -fuselage ccmfiguratians emplcg-ing a wing wfth- the 
quazter-dhord line m g t  back 45O, aspect r a t i o  6,  taper  ratio 0.6, and 
an NACA 6 3 ~ 0 9  a i r f o i l  sectian. Lift, drag, pitching mcmmnt, and root 
bending mnmp;n+. were obtafned for these configurations. Ih additian, 
effective dmwash angles and dynamiwresaure characteristics in the 
region of proba3le tail locations were obtained f o r  these canfiguratims 
and are  presented fgc a range of tail heighta at am tall length. 1 

A series of wing8 m e  being inveatig&ked Zn the Iangley hlgh-5peed 
7- by l&foo t  tuzlnel t o  study the effects of wing geametrg a ~ 1  the 
done and xtn@?usela,ge lmgitudind.  etabilftg  chazacteristics a t  tr- 
sonic speeds. Far correlaticmpurposes  the a- fuselage is being used 
fo r  all win@;s tested.  A Mach number range between 0.60 and 1.18 is 
obtained by w e  of the transOnf&unq? technique. 
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This paper  presente t h e  results of the  inveetigatim of the wing- 
alane and -fuselage canfiguratims mtrplogipg a .- with the 
quarte-hord line swept back 45O , aspect ratio 6,  taper  ratio 0.6, a n d - .  

an NACA 65Aoo9 a i r f o i l  sectfan  pexallelto t h e  air stream. In order t o  
oqpedlte the yubli&ing of these data, m2.y a brief analysis is included. 
Previous data published in t h i s  aerfes f o r  w3ngs Fncorporating 45' mop 
back can be obtained Fn references 1 to 3. 

MODEL AND APPARATUS 

The wing of the eemispan model had 45O of -e back refemed to t h e  
quarter-chord line, aspect  ratio 6, taper mtio 0.g and NACA 65AOOg 
airfoil sectfan p a r a U e l t o  the free stream. A twwview drawing of the 
model is  presented in figure I and ordinates. of the - . e e l a g e  of  actual 
fineness ratfo 10 (and basic flnanees ra t io  12) me given in table I. 
The wing was mde of beryllium copper and the f u s b h g e ,  of brass. 

" 

- ..- - 

The model was mounted on an  electrical strainwge balance encloeed 
in the bump. The lif't, drag, pitch-  moment, and root b d i n g  maanazlt 
were memured Hith the aid of galvanamstere. The angle of attack xaa 
measured by mana of a  slide-xire  potentipmeter and recorded with the 
aid of a galvanamster. 

. "" 

Effective dmwaah anglee were detarminsd for a  range of tail 
heights, a t  a  representative t a i l  length of 86 percent of the asmispan, 
by measuring t h e  float- angles of five geamstrically similar f'ree- 
9loating t a i l 8  with the aid of calibrated slide-wire  potenticmetere. 
Detail8 of the  floating  tails aze shown In figures 2 and 3 and a.phot* 
graph of the model m the bump with three of the floating  tails is Shawn 
as figure 4. The tails ueed in thi8  investigation were the 8- as those 
U 8 e d  in references 1 to 3. A pictorial vlew 8 h a  t h e  sponge-wiper 
seal installed on the model is given.as figure 5. 

A total;preesure rake was wed t o  detersnlne point dynamic~ressure 
r a t ioa  f o r '  a range of tail heighte in a plane xhich cantalned t he  
25-percent nmn-erodgnamic-chacd point  o f  t h e  .A.ee-float$ng tails. The 
to ta l -p reasure  -hibee were spaced 0.125 inch a p e  for a distance of 
1.0 inch below and 0.5 inch above the wing chard. plane extended (a = Oo> 
and 0.25 inch apart over the remainder of the rake. 
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f'ree-atreaan velocity, feet per seccmd 

effective Mach  nuDiber mer  span of model 

local Mach .rmmber 

average chordwlse local Mach rider 

Reynolds luupber of wing baaed on 

effective dmwaah angle, degrees 

r a t i o  of point dynamLc peesure, taka along a lFne 
cantainfng quastakhord points of mean aerodyaamfc 
chords of free-floating tails, to local fie-tream 
dynamic pressure 

t a i l  height relative t o  wing chord plane extended, 
percent uing semip; positiye Par, t a i l  positians 
above wing chord plane exbanded 

The t e s t s  were conducted in the Langley high+peed 7- by lCkb& 
tunnel utilizing an adaptation of the NACA wing-flow technique for 
obtaining trasscmic speeds. T h i B  technique  involves the mounting of a 
model in the high-velocftg flow field generated mer the curved m a c e  
of a brurrp located on the tunnel floor (reference 4). 

Typical  cantours of local Mach nmiber In the vicinity of the model' 
location m the bump, obtained from m e y s  with no model In positian, 
a r e  &own in figure 6. It is seen that there is a Mach Tumiber vaziatian 
of about 0.05 over the male1 semispan at the lowest Mach nlzmbers and 
f'rm 0 .& t o  0.09 at the highest Mach mmLber6. The chordwise Mach number 
vazfation is generally lese than 0.01. No attempt haa been made t o  
evdmte the effects of the chardwise and spaswise Mach number m i a t i a n s .  
The long-daahed lines near t h e  r o o t  of t he  wing (fig. 6) represent a 
local Mach  number that 18 5 percent below the value and indicate 
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t h e  extent of the  bump boundary layer. The effective  test  Mach number 
was obtalned frm contour chcucts E ~ D I ~ ~ X  t o  those presmted in figure 6 
using the relatianship 

Similaslg the effective m c  pressure w a s  determined f r o m  -c- 
pressure  cantour  charts by us- the relatian 

" 

The m i a t f a n  of mean t ea t  Reynolda nurmber wfth Mach mmi%er is 
&om in figure 7. me boundazies on the figure  indicate  the range in 
Reynold8 nmiber caueed by miatims in atmoqheric test cmdit ime fn 
the courp of the investigaticm. 

Force and rncuu3n-t data, effectfve downwash angles, and the r a t i o  of  
dpamic preeBure at 25 percent of the tai l  mean aeroagnamic chord t o  
free-stream dynamic .pressure were ob-d for t he  model cosfiguratiane 
tested through a ~ a c h  m e r  range of 0.60 t o  1.18 and an me-of- 
attack range of .Ao t o  loo. 

The &+Late  t a r e  correctiane t o  the d r a g  and t o  the downwash data 
were obtained through the test Mach nzmiber range at an angle of attack 
of Oo by testing  the model cmffgyratians without end platee. The 
results of the &*late t m e s  of prevlom i nves t iga t im  were found t o  
be constant with angle of attack asd the tares obtained a t  zero asgle of 
attack in the present  investigation were =lied t o  all drag and d m  
wash data. No end-late tare  correctians w-ere applied t o  the bending 
moments. A gap of about 1/16 inch was maintained between the %3ng root 
chord and the bmrp surface and a q c m g d p e r  seal ( f i g .  5 )  was fastened 
t o  the wing butt beneath the surface of the b u q  t o  minird.ze le-. 
Jet-boundmy correctiolur have not been evaluated because the b o u n m  
canditions t o  be sat isf ied me not  rigorously  defined. Earever, -8- 
much &B the  effective flaw f i e ld  is l a z e  carpzed with the span and 
chord of the model the  correctlone are believed t o  be mall. No baae 
pressure correction has been app-d t o  the -melage drag data. 
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By measuring tail f loa t ing  an@es without a model Fnetalled it 
w a s  determined that a t a i l  spacing of 2 lnches would produce negligible 
intarferfllnca effects of reflected ohock =Tea cm the t a i l  floating 
angles. Dawnwash angles for the M a n e  ccplfiguratim mre t h a t "  
fore obtained simultaneously f o r  the middle, highest, and lowest tail 
positians in ane series of tests and simultaneously far the  two inter- 
mediate positiana fn succeed- runa. Excluding the middle tail, the 
same procedure was wed t o  determine the efPeCtim d m w w h  an@;le~ for 
the -fuselage Configuration. Xu order t o  obtain downwash data for 
the chord-wdended position, a series of t e s t s  were made with a 
free-floating tail mounted an the center line of the f ue lage .  Tke 
downwaah angles presented m e  incramente fram the tail floatlng angles 
without the model i n a t U e d .  It Bhould be noted that the float- angles 
measured axe in rea.liw a masure of the angle of zero pitching moment 
about the tai l-pivot axis rather than the angle of zero lift. InaEmnrch 
as a spanwhe gradient would introduce errors in t b  meamred downwaah 
angle, it has been estimated that for th i s  t a i l  mmgement a 1Fneaz 
downwash gradlent a8 large aa 2O acroas the span of the tail w i U  result 
in an error of 0.2~. 

A list of the figures  presenting the remlts fol lavs:  

Figure 

W i n g - d a n e  force data . . . . . . . . . . . . . . . . . . . . .  8 
Winpfuselage force data . . . . . . . . . . . . . . . . . . . .  9 
mfective downwash angles (wirq alone) . . . . . . . . . . . . .  10 
Eefective dawnwax& anglee (wing fueelage) . . . . . . . . . . .  11 
Dacnrwaahgradimts.. . . . . . . . . .  :. . . . . . . . . . .  12 
Dynamlc-yreslsure-survwe . . . . . . . . . . . . . . . . . . .  13 

of aerodynamic chmacteristics . . . . .  -. . . . . . . .  14 

'Ixnleser otherwise  noted, the  discuselan is based on the ammary 
curves presented in figure 14.  he slops presented in t h i s  figure 
have been averaged mer a lift-coefficient of L O 2  of the specl- 
fied l i f t  coefficfent. 

c 

. . .  

- . 



L i f t  and Drag Characteristics 

m e  -one 1 m - e  slope measured new zero xft; 
was about 0.057 at a Mach  number of 0.60. This slope compared with a 
value .of 0.062 estimated for t h i s  Mach aumber u s i n g  t h e  lcw-epeed data 

of reference 5 (R = 1.5 X lo6 to 6.0 x lo6) f o r  a kercent4hick 
of identical  plan form apply- the three-dimensional Prmitl-Grlauert 
correction to account for the compressibility  effects. The 1if"curve 
slope wae practically invariant with Mach number below force  break and 
y a e  about the same aa the results of a &percat--thick wing of identical 
plan form r e x c e d  in reference 3 up to M = 0. and above M = 1.06. 
However,  between M = 0.95 and 1.06 the liftrcurpe slope was a p p m  
cfably less for the s;Percent-thick wing of the present  fnveetigatian. 
The additian of' the fuselage fncreaeed  the  Iiftrcurve slope approxi- 
mately O.oO7 throughout the test Mach lzunber range. 

At a Mach nmiber of 1.10 t he  drag coefficient for the w3ng alone 
at % = 0 and 0.4 w&s 0.032 and 0.68, reepectivelg (eee fig. 8 ) .  
corresponding ~ u e e  of C, of 0.022 and 0.042 obtained frcm refer- 
ence 3 clew- indicate t h e  value of decreasing the x b g  thickness an 
the  performance  chazacteristics at Bupersdc speed6. 

The lateral  center of preseure yCp fqc the KLzlg alone w a ~  located 
at about 45 percent of t h e  semfspan  between b h h  llmibers of 0.60 d 0.90 
at lift  coefficiante below 0.2 (see fig. 8). The same value of yGp 
wae obtained for the &percent"thick wlng at low epeede and higher 
Reynolds n m e r e  (reference 5 ) ,  and throughout t he  Bubsmic Bpeed range 
at t h e  same Regno lde  number (reference 3). For Mach numbers ne= 1.0 
and at low lift coefficients  the  center of peasure moved inboard 
appreciably (see figs. 8 and 14). This shift of yCp m e  probably due 
to flow sepratian at the Xing tip. Jn t he  low Mach nuzdber range the 
additfan of the f'welage had no effect an the lateral center of pressure, 
but at Mach ntmibers ne= 1.0 the magnitude of the om- movement wag 
appreciably  reduced. 

Pitchiq@ment Characteristics 

near zero  lfft the -one ae-c center (~c$c~), was 

located on or near the quarter-chord point of t he  warn aerodyaamic chord 
up to a Mach number of 0 . 9 .  ThiB conpmed. fanrably trith the value 
obtaFned at low ape& and Ugh ReynolaS lwmber  for t he  Gpercentdick 
wing with . identical plan form of reference 5 but was about 14 percent of 



the mean aerodynamic chord farther forward than the va3ue obta,ined fram 
the trassanic-bump investigation of the ~ e r c e n t " t h f c k  KLng. (See 
r e fe race  3 . )  lhELamuch as the lateral   center of pressure was shown t o .  
be independent of King thiclmese at Mach numbers beluw 0.90, the large 
aerodynamic-center difference may be attributable t o  a more rearward 
chordwiee center -of~essure   loca t ion  f o r  the thinner wdng at low 
Reynolds n W e r  which, in turn, may have been occasioned by l ead inedge  
sepration. 

Ln the Mach  number range between 0.95 and 1.15 the aforementioned 
lose of loading at the Xing t i p  f o r  low lift coefficients produced a 
large " t a b l e  movamsnt i n  the wtng aeroayaamic canter. There was 110 
such effect observed f o r  the &percent-thick wing of reference 3. As 
previously  stated,  the  addition of the f u a e h g e  reduced the loading 
change8 a t  high Mach  wmBera anxl. this waa reflected in the maidler 
aeroaynamic-center change for the high Mach ntrmber range. 

Ln the SUbEoniC epeed range, the -one and the -fuselage 
pitchfq+naent  curves indicated  appreciable InrrtabiJAty at the higher 
l i f t  coefficients,  but at the higher Maoh ntrmbers no inetabil i ty was 
obtained for the range of lift coefficisnts  tested. (See f ige. 8 and 9. ) 
A canparison of these data with those of refemme 3 indicate8 that w h g -  
thiclmess chmges did not  substantially alter the p i t c h m n t  charac- 
t e r i s t i c s   a t  Mgher l f f t   coef f ichnts .  

and wlnpf 'uaelage configuratiane w-ere practically the E- for -all t a i l  
heights  investigated up t o  aBout M = 0.85. (See fig8. 12 and 14. ) 
Above $hie Mach luzmber the values of (a€/ a,), f o r  both uing-a lme and 

wing-fuselage  configuratlcma w-ere greatest for a t a i l  height near the 
wing chord plane extended (zero t a i l  hefght) . The downwaah g p d l e n t e  
for the 9-percent-thick e@; are similar t o  those of the &percantrthick 
w h g  of identical plan form (reference 31, particularly at Mach numbers 
below 0.83. For Mach numbers ab- 0.6 the thicker wing created  higher 
downwaah gradients in the  vicinity of the chord plane extanded. 

I k e  results of the  pofnt-dyaamic-preese Burvey6 (fig.  1 3 )  Showed 
that f o r  the wtng alone there were no imgor tan t  changes fn the shape o r  
magn1tud.e of the wake with Mach  rmmber and that t h e  addi t im of the 
fuselage had practically no effect cm the dgaEEmic-preesure ratios 
throughozrt t h e  &ch number range investigated. For m e t  of the Mach 
numbera the W e  loseeB (maxhutn of about 8 or 9 percent a t . t h e  highest 
Mach numbers) were about t h e  same a8 thoere obtalned far the thinner 
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w i n g  (referance 3). However, f o r  the higheat Mach nmber and angles of 
attack, the t o w  wake lossee were slightly  greator for the Pprcent-  
thick- cmfiguratlan of this  lnvestfgatian. 
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Tabulated Wing Dato 
Area. (Twice semispan) a25 q. ft 
Mean oerodynmic chord 0.147 f f  
Aspd mlio 6 
Taper rntio 06 
hcideke 0.0" 
L&dral QO" 
Ahfoilsection parolld to 

h-ee slrem NACA 65A009 

Centerline of balance 
normal fo bump surface 0.25 h9A.C. 

0 I 2 '  
" Scale, inches 

crrrrtrrrrl 

w 
Wing-fuselage end plate @#kk) 

F i g r e  1. - Genera arrangement of a model w i t h  45O 8weptback wing, aspect  ratio 6, taper r a t i o  0.6, 
and W A  65~009 airfoil. section. 
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Ffgure 2. - Details of free-floating tail mounted in Puselage of a model wlth 45' sweptback King, aspect E 
ra t io  6,  taper ratio 0.6, and NXA 6W0g a i r f o i l  section. W 0 
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Floafirg-toil geometry 
Area (Twice  sembpan) Qa78 sq ft 
Aspect ratio 4,O ' 
Taper ratio 0.60 

I 
I 10 

Wing chord plane 
extended at CC=Oo 
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I ID 
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Figure 3. - Details of free-floating bails w e d  in m y s  behFnd model wlith 45a sveptback wing ,  aspect 

r a t i o  6, taper ra t io  0.6, and W A  6m09 a i r fo i l .  All dimensions are in inches w P 
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Figure 4.- Photograph of a mdel with 45' s q t b a c k  wing, aspect ratio 6, taper ra t io  0.6, and 
NACA 6.5AOOg airfoil section mounted on the transonic bump showing free-floating tails. ul 
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Figure 7.- Variation of t e s t  Reynolds number with Mach mrmber for a model w i t h  45' sweptback wing, 
aspect ra t io  6, taper ra t io  0.6, and W A  65Aoog airfoil  section. 
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Figure 8.- Wing-alone aerodynamic characterist ics for  a model with 45' meptback wbg, aspect ratio 6 ,  
taper ra t io  0.6, and M A  65Aoog airfoil section. 
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Figure 9.- Wing-fuselage aerodynamic characteristics f o r  a model with 450 sweptback Xing, aepect 
ratio 6, taper ratio 0.6, and NACA 65AoOg airfoil Bectlon. 
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Figure 9.  - Concluded. 
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Figure 10. - Effective dovnxaah angles In region of tail. plane for a model with Bweptback wing, 
aspect r a t i o  6, taper r a t i o  0.6, and W A  65~009 a i r f o i l  secthn. wlng-done. 
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Figure 10. - Concluded. 
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Figure Il.- Effective domaah -ea in reglon of ta13. plane for a model with 45O eweptbkk Wing, 
arrpect ra-bio 6, tqer  ra t io  0.6, and U A  6WOg airfoil section. Wing-fuselage. N 
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Figure 11.- Concluded. 
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